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The green synthesis of Cerium oxide nanoparticles (CeO2 NPs) has been carried out using Nelumbo nucifera flower 
extract as capping and reducing agent. Optical property is determined using Ultra Violet-Visible spectroscopy (UV-Vis). 
From the Fourier Transform infrared spectroscopy (FTIR), characteristic peak at 506 cm-1 confirms the presence of Ce-O 
bond. The fluorite-type cubic structure is confirmed by using FT-Raman spectroscopy. The crystalline phases are identified 
using powder X-Ray Diffractometer (PXRD). The stability and particle size of CeO2 NPs is interpreted using Dynamic light 
Scattering (DLS) analysis. The particle size, shape and surface texture is analysed using High Resolution Scanning Electron 
Microscope (HRSEM) and High Resolution Transmission Electron Microscope (HRTEM) techniques. Selected Area 
Electron Diffraction (SAED) pattern confirms the identity of crystalline phases with the P-XRD data. Elemental mapping is 
done by using Energy Dispersive X-ray (EDX) analysis. Thermal behaviour of the CeO2 NPs is analysed using the Thermo 
Gravimetric-Differential Thermal Analyser (TG-DTA) technique. The in vitro cytotoxic effect of CeO2 NPs is tested against 
HCT 116 human colon cancer cell line using MTT assay. It is recorded that, IC50 of the CeO2 NPs was 41.60 µg/mL. 62% 
of cell viability is minimized at 40 µg/mL in 46 h. This result enhances the importance of using greener eco-friendly method 
for synthesizing CeO2 NPs with effective anticancer activity.  
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Cancer is the second leading cause of death all over 
the world next to cardiovascular diseases1. Cancer is a 
form of disease caused by abnormal uncontrolled cell 
growth. The struggle to fight against cancer is one of 
the greatest challenges of mankind2. Nanomedicine is 
an important field which opens up path to treat cancer 
and cancerous cells using various types of 
nanoparticles3. Among various nanoparticles Cerium 
oxide is a promising material that has huge 
biomedical applications4. Ceria (CeO2) finds 
numerous applications in electrochemistry, optics, 
catalysis, sensors and solid oxide fuel cells5. Using 
plant parts to synthesize NPs is known as green 
synthesis. Among the physical and chemical methods 
of synthesis, green synthesis has huge attraction. The 
ultimate aim of biosynthesis is to synthesize NPs with 
lesser cost and to eliminate usage of toxic chemicals6. 
There are many studies which have reported the usage 
of plant material for green synthesis of CeO2 NPs. 
Role of plant extracts on the synthesis of CeO2 NPs is 
tabulated in Table 17-17. 
Nelumbo nucifera Gaertn belongs to Nelumbonaceae 
family. It is a monogeneric plant commonly known  
as sacred Indian lotus. Many phytoconstituents like 
alkaloids, steroids, triterpenoids, flavonoids, glycosides 
and polyphenols have been isolated from N nucifera18. 
Various parts of Nelumbo nucifera has been widely 
used for nutritional and traditional medicinal purpose 
by people all over the world. Its flower is the National 
flower of India19. Lotus flower and its extracts  
possess multidimensional pharmacological activities 
such as antipyretic20, antibacterial21, antioxidant22, 
anticancer23 and antiplatellet24 activities.  
The present study reports the green synthesis of 
CeO2 NPs using Nelumbo nucifera flower extract. To 
the best of our knowledge this is the first attempt to 
green synthesize CeO2 NPs using Nelumbo nucifera 
flower extract. The as synthesized CeO2 NPs were 
characterized using UV-DRS, FTIR, FT-Raman,  
P-XRD, DLS, HRSEM, HRTEM, SAED, EDAX and 
TG-DTA techniques. Further we studied the in vitro 
anticancer activity of CeO2 NPs against HCT 116 




human cancer cell line using MTT assay. The results 
confirmed that the CeO2 NPs is a potential candidate 





Ceric ammonium nitrate was purchased from Chen 
Chems, Chennai. Dulbecco’s modified Eagle’s 
Medium (DMEM), Fetal Bovine Serum (FBS), 1X 
Trypsine, (3-(4,5-dimethyl thiazol-2yl)-2,5-diphenyl 
tetrazolium bromide (MTT), DMSO was purchased 
from HiMedia, Mumbai. All chemicals were used 
without further purification. 
 
Collection of plant material 
Nelumbo nucifera pink flowers were procured from 
the Koyambedu flower market, Chennai (13.0692°N, 
80.1914°E), Tamil Nadu, and India. Taxonomic 
authentication was done by Prof. P. Jayaraman, 
Director, Plant Anatomy Research Centre, West 
Tambaram, and Chennai. The voucher specimen was 
numbered as PARC/2018/3607 and preserved in our 
laboratory. 
 
Preparation of Nelumbo nucifera flower extract 
Fresh flowers were washed with tap water and then 
with distilled water to remove dust particles. Floral 
parts were cut into tiny pieces with a clean scissors; 
shade dried for 10 days and then powdered using the 
blender. Sieved using wire mesh and stored in air-
tight box. 30 g of flower powder was added to 300 mL 
of distilled water and boiled for 5 min at 50-60°C. 
The resulting extract was filtered using Whatman No. 1 
filter paper and the filtrate was stored in refrigerator 
for further usage7.  
 
Green synthesis of CeO2 NPs 
60 mL of Nelumbo nucifera flower extract was added 
to 300 mL of 0.1 M Ceric ammonium nitrate (CAN) in a 
500 mL beaker and stirred at 80°C for 2 h. Upon heating 
the colour of the solution changed from yellow to pale 
greenish light yellow. Cooled, centrifuged at 4000 rpm 
for 10 min. Supernatant was decanted. Pale light yellow 
pellet was dried in hot air oven at 60°C. Ground into fine 
powder using agate mortar and pestle. The dry powder 
was calcined in the pre heated muffle furnace at 400°C 
for 2 h. The resulting product was yellowish. The 
experimental procedure for the green synthesis of CeO2 
NPs using Nelumbo nucifera flower extract is 
demonstrated in Fig. 1. 
 
Characterization of CeO2 NPs 
The formation and band gap of the CeO2 NPs was 
determined using Jasco UV-Vis Spectrophotometer 
V-750 in the wavelength range from 200 to 800 nm 
with the scan speed of 1000 nm/min. The functional 
group identification of the Nelumbo nucifera flower 
 
Table 1 — Phytoresources for the green synthesis of CeO2 NPs 
Phytoresource  Part used 
 Size (nm) 
Shape Applications Reference 
Gloriosa superb L. Leaf  5 S Sphere Antibacterial activity7 
SugarcaneStem  50 Honey comb Photocatalytic & antibacterial activities 8 
Acalypha indica Leaf  54 Sphere Antibacterial activity 9 
Azadirachta indica Leaf  5-6 Sphere Antibacterial & anticancer activities 10 
Momordica charantia Fruit  24 Sphere Antidiabetic activity 11 
Aloe Barbadensis Leaf  63 Sphere Ref. 12 
Hibiscus Sabdariffa Flower  3.9 Sphere Ref. 13 
Olea europaea Leaf 24 Sphere Antimicrobial activity 14 
Moringa oleifera Pee l40-45 Sphere Photocatalytic & antibacterial  activities 15 
Emblica officinalis Fruit  23.82 Sphere Photocatalytic activity 16 




Fig. 1 — Schematic representation for the green synthesis of CeO2 NPs using Nelumbo nucifera flower extract 




extract and CeO2 NPs was done by recording the 
Fourier transform infrared (FTIR) spectrum in the 
range 4000-400 cm-1. The FTIR analysis of the 
samples was performed using Perkin Elmer spectrum 
RX I. Raman spectrum was recorded using BRUKER 
RFS 27: Stand-alone FT-Raman spectrometer in the 
scan range 50-4000 cm-1 with resolution 2 cm-1. The 
X-ray diffraction study was carried out using a 
BRUKER D8 Advance powder X-ray diffractometer 
(using CuKα radiation with diffraction angle range 10 
to 80°. The diameter of the CeO2 NPs was measured 
using NanoPlus particle analyzer. The particle size 
and morphology of the CeO2 NPs was analysed using 
F E I Quanta FEG 200 - High Resolution Scanning 
Electron Microscope with resolution 1.2 nm gold 
particle separation on a carbon substrate. 
Transmission electron microscopy image was 
obtained using Jeol/JEM 2100 with an accelerating 
voltage of 200kV. TG-DTA results were obtained 
using Simultaneous thermal analyzer STA-600 
(Perkin-Elmer). 
 
Anticancer activity of CeO2 NPs 
 
Preparation of cell suspension 
HCT 116 human colon cancer cell line was 
procured from National Centre for Cell Science 
(NCCS), Pune, India. The cells were sub cultured in 
DMEM high glucose medium, was trypsinized 
separately, after discarding the culture medium. 10% 
FBS was added to the disaggregated cells in the 25 
mL of DMEM. The experiment was performed using 
cells from passage 11 or less. 
 
Cytotoxicity assay 
The MTT assay is based on the conversion of the 
yellow tetrazolium salt-(3-(4,5-dimethyl thiazol-2yl)-
2,5-diphenyl tetrazolium bromide (MTT), to purple 
formazan crystals by metabolically active cells, 
provides a quantitative determination of viable cells25. 
The CeO2NPs were suspended in sterile distilled 
water to make stock solution. These stock solutions 
were diluted individually with media to get various 
concentrations (20, 40, 60, 80, 100 µg/mL). 100 µL of 
these samples were added to wells containing 5×103 
HCT 116 cells per well. Solvent control used is 
DMSO. After 46 h incubation the wells were added 
with 20 µL MTT solution (5 mg/mL in PBS) and the 
well plate was covered with aluminium foil and 
incubated for 3 h at room temperature. All wells were 
removed the content using pipette and 100 µL DMSO 
was added to solubilise the formazan crystals. 
Absorbance was recorded at 540 nm using 96 well 
micro plate reader. The percentage viability was 
calculated as follows: 
 
Cell viability = OD of samples/OD of control × 100 
 
Results and Discussion 
 
UV-Visible spectroscopy 
The UV-visible absorption spectrum of Nelumbo 
nucifera flower extract assisted CeO2NPs is shown in 
Fig 2a. The absorption peak is observed at 370 nm. 
Below 400 nm wavelength CeO2NPs exhibit a strong 
absorption band due to the charge-transfer transitions 
from oxygen 2p to cerium 4f which overturns the 
well-known f-f spin orbit splitting of the Ce 4f state26. 
The strong absorption in the UV region elucidates the 
ability of this product in numerous medical 
 
 
Fig. 2 — (a) UV-Visible spectrum of CeO2 NPs (b) Direct optical 
energy band gap of CeO2 NPs 




applications such as antiseptic in ointments or as sun-
screen protectors27. The direct optical band gap is 
determined by fitting the absorption values to the 
direct transition equation by extrapolating the linear 
portions of the curves to absorption equal to zero is 
shown in Fig. 2b. 
 
αhυ = A (hυ-Eg)
1/2  … (1) 
 
where α is the optical absorption coefficient, hυ is the 
photon energy, Eg is the direct optical band gap, and 
A is a constant. The band gap is found to be 2.335 eV. 
 
Fourier transform infra-red spectroscopy 
The FTIR spectra of Nelumbo nucifera flower 
extract is shown in Fig. 3a. The broad peak at  
3446 cm-1 confirms the presence of O-H stretching 
vibrations of H2O in the sample
28. The peaks at  
2079, 1637 and 1385 cm-1 reveals the presence of  
–C=C- stretching vibration of alkynes, N-H stretching 
vibration of primary amines and C-H rock stretching 
vibration of alkanes respectively29. Broad peak at  
679 cm-1 reveals the presence of C-Cl stretching 
vibration of alkyl halides.  
The FTIR spectra of green synthesized CeO2NPs is 
shown in Fig. 3b. The broad peak at 3395 cm-1 
confirms the presence of C-H stretching vibrations of 
alkynes28. Peak at 2924 , 2854 cm-1 reveals the 
presence of C-H stretching vibration of alkanes, 2018 
cm-1 corresponds to the –C=C- stretching vibration of 
alkynes, 1384 cm-1 is due to the presence of C-H rock 
stretching vibration of alkanes29. These peaks are due 
to the Nelumbo nucifera flower extract, 1034 and 
1109 cm-1 attributes to C=O stretch8 and overtone 
band of the trace Ce-OH9 respectively. Sharp intense 
peak at 506 cm-1 is due to the vibrational mode of Ce-
O bonding and small peak at 719 cm-1 is due to the 
Ce-O-Ce stretch vibration8. 
 
Fourier transform Raman spectroscopy 
Raman spectrum is helpful to find out molecular 
vibrations to identify the phonon states of sample  
and its quantification6. The FT-Raman spectra of 
CeO2NPs (Fig. 4) shows a sharp Raman active mode 
at 459.54 cm-1which is due to the triply degenerate F2g 
Raman active mode of fluorite-type cubic structure 
with asymmetrical breathing mode of the Ce-O8 
vibrational unit7,10. 
 
Powder-X-ray diffraction  
Figure 5 depicts the P-XRD pattern of green 
synthesized CeO2NPs. The six broad peaks at 
 
 
Fig. 3 — (a) FTIR spectrum of Nelumbo nucifera flower extract
(b) FTIR spectrum of CeO2 NPs 
 
Fig. 4 — Raman Spectrum of CeO2 NPs 
 
 
Fig. 5 — XRD of CeO2 NPs 




28.118°, 33.106°, 47.551°, 56.470°, 69.221°, 77.104° 
corresponds to (111), (200), (220), (311), (400), (331) 
crystal planes of CeO2NPs and they exactly match 
with the Joint Committee on Powder Diffraction 
Standards (JCPDS card no. 34-0394). No other phase 
peak is observed which confirms the high purity of 
the CeO2NPs. Crystallographic phase shows that each 
cerium site is encountered by eight oxygen sites in the 
face-centered cubic arrangement11. The broadening of 
the peaks indicates the crystallite size to be smaller. 
When the crystallite size decreases the width of the 
peak increases26. The crystallite size of the particles 
was calculated using Scherrer’s formula: 
 
D=Kλ/βcosθ  … (2) 
 
where D=crystalline size, 
 




β=full line width at the half-maximum elevation of 




The crystallite size for the plane (111) corresponding 
to the intense peak was estimated using equation (2) 
and found to be 5.84 nm. 
 
Dynamic light scattering  
DLS is a versatile technique to measure particle 
size in dilute suspension by using coherent light 
sources. Figure 6 shows the size distribution of the 
CeO2NPs. CeO2NPs was completely dispersed in 
distilled water using an ultrasonicator for 30 min. The 
viscosity and refractive index of the dispersed 
medium was found to be 0.8878 mPa s and 1.3328 
respectively. The histogram indicates the average 
particle size to be 25.2 nm. 
 
Microscopic studies 
The size and morphology of the green synthesized 
CeO2NPs was studied by HRSEM. As illustrated in 
Fig. 7a, the particles were agglomerated due to the bio 
molecules responsible for the CeO2NPs formation. At 
higher magnification it is observed that the 
morphology of the CeO2NPs was spherical in shape 
with average particle size of 28.48 nm shown in  
 
 
Fig. 6 — DLS of CeO2 NPs 
 
 
Fig. 7 — (a) and (b) SEM images of CeO2 NPs 




Fig. 7b. Elemental mapping was analysed using energy 
dispersive X-ray (EDX) spectrometer. EDX spectrum 
is depicted in Fig. 8a. Based on EDX analysis, the 
presence of carbon, nitrogen and chlorine, indicates 
the better hybridization between Nelumbo nucifera 
flower extract and CeO2NPs. The elemental 
composition is shown in Fig. 8b. It confirmed the 
presence of cerium and oxygen to be maximum.  
HRTEM analysis was done to know the texture  
and uniformity of the CeO2NPs. Figure 9a shows  
the TEM image of the CeO2NPs. The morphology of 
the CeO2NPs was uniform with an average particle 
size 5.24 nm. Figure 9b shows the SAED pattern  
for the CeO2NPs. SAED pattern shows clear 
diffraction circles, which indicates high degree of 
crystallinity of the CeO2NPs. The lattice planes 




Figure 10 shows the TG-DTA curve for CeO2NPs. 
It is observed that from 100 to 400°C there is gradual 
 




Fig. 9 — (a) TEM image of CeO2 NPs (b) SAED pattern of CeO2 NPs 




weight loss. This is due to the removal of water 
molecules absorbed on the CeO2NPs
9. From 400 to 
560°C there is an increase in weight loss due to  
the breakdown of agglomerated organic surface 
impurities found in the CeO2NPs
9. A broad 
exothermic peak is observed at 290°C due to the 
combustion of organic residues. 
 
Anticancer activity 
The in vitro cytotoxic effect of CeO2NPs proved  
that the HCT 116 human colon cancer cell lines  
were triggered significantly with the increasing 
concentration of the sample. In HCT 116 cell line more 
proliferative effect was observed in all concentrations 
in 46 h treatment, it also revealed the increased 
concentration of the CeO2NPs had shown better 
proliferative activity over the cancer cell (Figs. 11a-11f). 
Slight morphological changes was observed after 
treating HCT 116 cell line with CeO2NPs. It was 
recorded that, IC50 of the CeO2NPs was 41.60 µg/mL. 
Figure 12 shows the % cell viability of several 
concentrations of the CeO2NPs.  
 
 
Fig. 11 — Cancer cells treated with (a) control (b) 20 µg/ml (c) 40 µg/ml (d) 60 µg/ml (e) 80 µg/ml (f) 100 µg/ml CeO2 NPs 
 
 
Fig. 10 — TG-DTA of CeO2 NPs  





Cerium oxide nanoparticles were successfully 
synthesized using Nelumbo nucifera flower extract. 
The rich phytoconstituents present in the flower extract 
acted dual role as capping and reducing agent. The 
formation of the CeO2 NPs was observed by the colour 
change. The optical, structural, crystalline and thermal 
properties of the CeO2 NPs were characterized using 
UV-Vis, HRSEM, PXRD and TG-DTA techniques 
respectively. The green synthesized CeO2 NPs were 
found to possess better anticancer activity against HCT 
116 human colon cancer cell line. Thus nanoceria 
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